To develop practical methodology of assessing the probability of establishment of adventive pests outside of their native range of distribution, using specialized software. The presence of host-plant species range and the correspondence of ecoclimatic conditions of Ukraine (as a pest risk analysis area) to the climate indices of the current area of distribution of such pests as Oemona hirta (lemon tree borer) and Thaumatotibia leucotreta (false codling moth) were studied using speci ed software. The potential areas of establishment of these pests in Ukraine were de ned. Conclusions. The ef ciency and convenience of me-thods of assessing the risk of establishment of adventive plant pests using Agro Atlas, MapInfo v.11.0 and Idrisi Taiga software, were proven. It was determined that a potential area of establishment of O. hirta is the sou-thern part of Odessa region, an inconsiderable part of south-west of Mykolayiv region, south-western territory of Kherson region and almost the entire territory of the Crimean Peninsula. A potential area of establishment of T. leucotreta is an inconsiderable territory of the Black Sea coast Tarkhankut Peninsula and Kerch Peninsula in the Crimea.
INTRODUCTION
It is commonly known that the main aim of plant quarantine is protection of state plant resources from introduction, spread and damage of quarantine pests, the list of which is formed on the basis of pest risk analysis (PRA). The aim of PRA is not just to de ne the status of the analyzed pests for a certain area (which allows characterizing them as regulated quarantine, regulated non-quarantine or non-regulated pests), but also to select proper phytosanitary measures to prevent the introductin of these pests into new territories or to localize and eradicate existing outbreaks.
It is rather time and effort consuming to conduct fullscale PRA, the algorithm and methodology of which is stipulated in full detail in international [1, 2] and regional standards [3] and national guidances [4] . PRA is conditionally divided into four stages: initiation, pest risk assessment, pest risk management and of cial registration of PRA process in a protocol format. Here the second stage is the most critical, as it is aimed at assessing the probability of introduction and establishment of adventives species in new territories, free from the latter, which is primarily conditioned by the presence of host plants and the suitability of ecoclimatic conditions [5] [6] [7] . PRACTICAL 
METHODOLOGY OF ASSESSING PROBABILITY OF ESTABLISHMENT
There are different approaches to solve this task, in particular, there are suggestions of de ning the area of potential establishmet of adventive pests using the statistical data of FAOSTAT, EUROSTAT, JRC or SEAM-LESS regarding the availability of host plant, and their distribution in the PRA area [8] [9] [10] [11] . Instead, it is recommended to assess the climatic suitability in the PRA area via the degree of its correspondence to ecoclimatic conditions in the area of current distribution of the pest analyzed -by the sum of effective temperatures, precipitation, hydrothermal coef cient, etc. Complex models [12, 13] and software were designed to solve the mentioned tasks, for instance, CAPRA program [8, 14] or CLIMEX program [15] .
The application of the listed instruments envisages processing of a considerable amount of disaggregated data and obtaining the final assessment only at the end of a multi-stage algorithm. But it is also possible to assess the probability of establishment of adventive pests in a new territory via more convenient and accelerated procedure, using other software -Agro Atlas [16] , MapInfo v.11.0 [17] and Idrisi Taiga [18] which combines geoinformational technologies and the biogeographical data and allows conducting ecological and geographical analysis and simulating potential spatial distribution of an organism using precise determination of a current area of the species and agroclimatic conditions of its establishment. This was set as the aim of our studies.
MATERIALS AND METHODS
The availability of economically relevant agricultural crops, grown in Ukraine, which are host plants for adventive plant pests, was determined using Agro Atlas software, which allows determining spatial location of over 500 cultivated plant species, their wild relatives and weeds [14] .
Such software as MapInfo v.11.0, Agro Atlas and Idrisi Taiga [16] [17] [18] which allow designing compositions of scan-line and vector layers using computer-aided procedures, was applied to determine: environmental factors in the area of current pest distribution, which limit the spread of the species; quantitative ecological amplitude of the species regarding each limiting factor, comparing similar indices from the area of the adventive species and ecological maps by the methods of overlapping layers-maps and data extraction; ecologically suitable territories on the map of Ukraine for the distribution of the species in terms of each limiting factor (reclassi cation); potential area of establishment of the adventive species in the PRA area (Ukraine), favourable for its existence, via the combination of ecologically suitable territories into a uni ed map.
RESULTS AND DISCUSSION
The harmonization of phytosanitary legislation of Ukraine with EU requirements envisages the practical introduction of periodic reviews of the lists of regulated pests, including the ones due to the introduction of changes to the corresponding lists of the European and Mediterranean Plant Protection Organization (EPPO) -List A1 (the list of pests recommended for regulation, absent in the EPPO member countries) and List A2 (the list of pests recommended for regulation, present but not widely distributed in the EPPO-region, and which are of cially controlled).
Although this norm was re ected in the Law of Ukraine "On Plant Quarantine", the latest review of the list of regulated pests of Ukraine was in 2010, whereas EU lists have been edited dozens of times during 2010-2016. In particular, such changes were noted for the status of fruit crop pests: lemon tree borer Oemona hirta (Coleoptera:Cerambycida) and false codling moth Thaumatotibia leucotreta (Lepidoptera:Tortricidae), which were transferred from the EPPO Alert list to A1 and A2 Lists, respectively, after the pest risk analysis conducted for EPPO countries.
As fruit production is one of the relevant branches of Ukrainian agriculture, there is a need for pest risk analysis and for the determination of the status of these pests in the territory of this country. The possibility of assessing the probability of establishment of adventive species in a new territory was elaborated in the framework of the analysis, using software -Agro Atlas, MapInfo v.11.0 and Idrisi Taiga.
O. hirta -lemon tree borer, is a pest of citrus fruit trees, wide-spread in New Zealand [19, 20] . In 1983 and 2010 it was intercepted in plants for planting of Wisteria, imported to Great Britain from New Zealand. In 2010, this species was included in the EPPO Alert list on the initiative of Great Britain, and in 2013 it was transferred to List A1 (the list of pests recommended for regulation, absent in the EPPO region) according to PRA results. Express-PRA, performed by the experts of the UK National Plant Protection Organization, and a subsequent full-scale PRA conducted by EPPO ex-perts demonstrated that this pest poses a threat for the EPPO region.
The main host plants for this pest are citrus fruit trees (lemon, tangerine and grapefruit). In addition, it may infest about 200 species of plants from 81 families. Most infested plants are trees and shrubs, but the host list also includes vines and lianas as well as tall-growing perennial grasses with a tall stalk and a considerable number of ornamental plants. In New Zealand . hirta is mainly viewed as a pest of citrus fruit trees. However, considerable damage to apple-tree gardens, vineyards and persimmon was registered in the 90s of the last century.
In general, this pest may infest over 40 species of fruit plants, including apple-tree, pear-tree, cherry-tree, plum-tree, peach-tree, grapes, walnut tree, persimmon, almond-tree, blueberry as well as many foresters and ornamental species of trees (poplar, birch, acacia, alder, elm, chestnut, pine, eucalyptus, wisteria, hibiscus, genista, hawthorn, spindle, lilac, rose). Many of these plants are grown in Ukraine (Table 1) .
Spatial location of the majority of these plants in Ukraine may be determined using Agro Atlas software (Fig. 1) .
Therefore, it was determined that the host-plant range on the whole territory of Ukraine may provide suf cient resources for the development of O. hirta.
While determining the possibility of establishment of this pest in Ukraine using MapInfo and Idrisi Taiga software, the following climatic factors, which may limit the pest development, were de ned: the indices of average annual air temperature, average temperature of the warmest month (June) and the sum of active temperatures exceeding 10 ° . The results of determining Ukrainian territories, ecologically suitable for the development of O. hirta regarding each limiting factor are presented in Fig. 2 .
It was determined that some climatic indices of the Ukrainian territory are partially satisfactory for the de- T. leucotreta (Lepidoptera:Tortricidae) -false codling moth, is a pest of fruit and eld crops. The current area of its distribution covers a considerable part of the African continent [21] . In 1984, this pest was rst found outside its area, in the planting of macadamia nuts in Israel, and in 2003 -on cotton and castor plant. In 2009, the pest was registered in a greenhouse in the Netherlands, and later -in Great Britain and Sweden. From 2001 to 2010 there were over 50 cases of interception of the pest in citrus fruits, imported from South Africa to EPPO countries [22] . As to EPPO region, this pest has been found at present on inconsiderable local territories, where cotton and castor plants are grown in Israel. It is believed that the distribution of this pest outside of Africa is limited. However, the intensi cation of international trade and tourism increases the risk of the pest entry to other countries and the probability of its subsequent establishment in the new area, if conditions are favourable. Since 1984, false codling moth was found in 34 ports on 99 species of plants over 1,500 times in the USA. In July 2005, living caterpillars of this pest were found in the consignment of the citrus fruits from South Africa, which went through a preliminary cold treatment. According to the records of the National Phytosanitary Service of the Netherlands, . leucotreta was detected four times on the cut owers of roses, imported from Ethiopia, Tanzania and Uganda. Based on this statistics of interception, in 2011 EPPO experts took a decision to include this pest in the EPPO Alert list, and in 2013 it was moved to the A2 List after the PRA procedure.
False codling moth invades a wide range of agricultural and decorative crops many of which are grown in Ukraine (Table 2 ). Spatial distribution of the majority of these plants in Ukraine may be determined using Agro Atlas software (see Fig. 1 ).
The ecological correspondence of the territory for the development of this species according to a number of indices of climatic conditions in the area of the pest and the potential area of establishment were determined using MapInfo v.11,0, AgroAtlas and Idrisi Taiga software, and presented in Fig. 3 .
The studies demonstrated that the potential area of . leucotreta in Ukraine may include inconsiderable territories of the Black Sea coast, Tarkhankut Peninsula and Kerch Peninsula in the Crimea, the conditions of which are suitable for the development of false codling moth only during summer months.
CONCLUSIONS
The application of MapInfo v.11.0, AgroAtlas and Idrisi Taiga software is efficient to determine the probability of establishment of adventive plant pests in new, pest-free territories, and to define the borders of their potential area of distribution, which allows recommending this software for pest risk assessment, especially when the quick procedure is required.
It was determined that a potential area of establishment of O. hirta in Ukraine is the southern part of Odessa region, an inconsiderable part of south-western Mykolayiv region, south-western territory of Kherson region and almost the entire territory of the Crimean Peninsula. A potential area for T. leucotreta in Ukraine is an inconsiderable territory of the Black Sea coast, Tarkhankut Peninsula and Kerch Peninsula in the Crimea. 
